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HETWORKED SATELLITE AND TERRESTRIAL CELLULAR 
RADIOTELEPHONE SYSTEMS 



THF FlPIfy it4\,^*fjf^f. 

This invention is concerned with salelliie radiaelephono 

communicatiorjs. 

More particularly, this im,an,ion Is co,>camed wnh networWng satellite 
cellular racEotele phone networks W.lh tenestrial rad:oieIephone ^ 
netsKorks. 

Bi^CKfinmmn of thf ff^yrHTITTN 

As illustrated in Rgure 1. one can envision a satellite-Lased cellular 
rad.o,elephone infrastructure as consisting of a constellation of satellites 

IT r. '^'^^ "'^^ ^ sateIIi.e-to- 

ground frequendes that flluminate hi^ndreds to tfiousands of square 
m.lesof global surface area E^h frequency (F3. for example) could be 

satenne. ^01) provded suffidentgeogrHphic s^per^tion is maintained ,o 
thl 1""! '"'^^^^^"'^^ ^-"""S radio-telephon. subscn-bers (158, on 
he ground. A subrx:riber(1S8) is handed off frcm frequency F3 to 
frequency Fl end from sate/lite (102) to satal'ite (lOi) as the 
constellation move^ overhead. Using switch exchanges aboanJ the 

SIh 1'' """" ^'^'^ themselves over high speed 

h.gh bandwidth .nter-safellite nnks (160. 161. 162) in orderto globaJlJ 
connect conversants on the ground (168 & 170). A n:ore complete 
presentation of such a satellite cellular systerr. is given in US Patent 
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D^^oZ^"^ '"-'f '° ^"""^ Telephone an. 

Data Communication System. filocJ 28 October 1 988 e k 

ma,ure<^ .nto US Patent Number 

Motorola. assigned to 

Since the surface area illuminated by a single frequency is so laroe 

:rrj;=r~;r/Sr -"^^^^^^^^^^^^ 

SUMMAflY OF T>^F iNVPMTf nN 

5^=r:;r— ^^^^^^^^ 

would be provided everywhere else by ,he satellite nsL^ 
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rci/i s*n/oi4:x 
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Ofbrting CoroundBd-) satellite cooperates as a svntch.ng node of bclh the 
satellrto network arxJ a lerrestrial netwofV to relay inlomanon between a 
terrestrial subscriber and the satellite radiotelephone f.etv»ort< over a 
terrestrial network. Th« terrestrial ner^orit and the satellite network may 
communicate via either the intsr-satelUie spoctrurr, orihe terrestnal-to- 
satellite spectrum. 

DESCRIPTION OF THP l^BflWtHTi'i 

Additional objects, features and ady^antages of the invention will be n.ore 
clearly understood arid the best mode contemplated for practicing it ir. its 
preferred embodiment will be appredated {by way ol unrestricted 
example) from the following detailed description, taken together with the 
accompanying drawings in which: 

Figure 1 is macroscopic diagram illustrating networked satellite and - 
terrestrial cellular radiotelephone nehvorks according to the preferred 
1 5 emtxxJirr.ant of thp invention. 

Figure 2 il?ustra:es subscribers inter-working in a networked salslSie and 
terrestnal cellular radiotelephone network according to the preferred 
embodiment of the invention. 



10 



20 



25 



DETAIIFO nFgCBiPTir>>^ 

Figure 1 is macroscopic diagram illustrating networ.ted satolliie and 
tensstriaJ cellular radiotelephone n6twt>rks according to the preferred 
embodiment of the invention. 

As merrtir>ned above, a major limitation of sateSlhe-based radiotelephone 
networks is that the surface area illuminated by one satellite antenna 
constrtutes such a larga cell that spearal utilization is highly inefficient 
when compared to terrestriaJ cell siies and lerrastrial cellular frequency 
reuse etfidendes. Each satallite cell typically is several hundred miles 
acmss due to the limited capability of satellite antenna beam-shaping 
This invention increases overall spectral reuse effidency to that cf 
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Thjs inven:ion increases snuarrx* 
".l^rcpoJn a,rat.H 

.'an«n,l«io,» Is coo Jld ^ ° ° '"""'M 
U.. sa,a,i„ „e„,o^ """""^ * wi'" llcso imendod lor 

n«asaa,y ,or auch pow^S^^^""" '^^'^ 
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Rad.otetephone calLng into and cut of the local lerreGlria. service area ,s 
accomphshed by 'grounding- sstellites to Ihe root tops ol metropoLian 
str.;ctures. The -grounded- satellites use Ihe very same {satelliie-lo- 
ground and around-te-satc-lite) speamm as the orbilinc satellites (except 
for those Irequondes in the set that might be used to provide 
supplemental terrestnal capacity). 

Figure 2 illustrates subscribers inter-working in a networked satellite and 
terrestnal cellular radiotelephone networks according to the preferred 
embodiment of the irTvention. tt funher illustrates a satellite cellutar 
radiotelephone network interconnected with terrestrial cellular 
radiotelephone networks according to the present invention the 
satelhte network consists of numerous satellites in low-Eaah. polar oro-ts 
that sequentially pass overhead (301. 302 & 303). They commdnicaie 
^h subscribers on the grcund via a plurality of narrow-barxJ frequendes 
(F1-F4. 320 & 343) and switch the calls among each cMer v.a broad- 
band spectrur:, (305 4 306) such as microwave. IR or U^SER flight) The 
terrestnal netv;ort<s Illustrated (310. 311. 312. 313. 314 & 315)' could 
represent conventional cellular radiotelephone networks, in-building 
local-area radio networks. LANs, public switched telephone networks 
pnvate branch Gxcha.ng9s or the like. Each might be coupled 
.ndepondently with the satellite network via a -grounded- satellite atcp its 
buildmg. Otherwise, they might be networked together by broadband 
media such as microwave links (317 & 342) or fiber (350. 351 & 352) 
having one -grounded* satellite (31 1) designatBd to 5nk to the satellite 
netH-ork (302) via one or m.ore of the satellite frequences (343). 

In operation, a subscriber outside the coverage of a terrestnal 
radiotelephone nefwork (332) initially transmits with suffident power - 
capture a satellite receiver (301) at its furthest possible trajectory An" 
exchange between satellite and subscriber establishes successive 
power levels anticipated to be used in subsequent transmissior^s as tn- 
satellrtQ moves predicably overhead and then cut of range 
Radiotelephone calls destined to another sen^ice area ar, switched by 
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ni7\ anH.« . ^ ^ * ^52). poinHo-poiat Jinks 

(317), and to a terresirial cellular nerworic m-^i -tk . 

atop M ™,„po,iu„ powTot mZ. ■ 

Spectral reuse -sfficiencv « fha,oK - «rresinaJ transmissions. 

u« •aiiicienqr is thereby increased. 'GrounriaH- c.«.«ii-. 

10 inter-sat^Z^ Advantageously, the higher bancJwidth 

317 .1,2,11 to , he 21"" Srounde^satettites 
; to the laiflraf d.rea.v.iy of inter-satellite links and the 
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Spearal eHicency would tnereby be .ncreased yet aga.n 

With ,h,s h.ghersatelh...,o^roundbandw.d.., .ho grounded sa,e.l.,es 
could e«her be prede.ern,.na..y and synchronously iatroductd lt h^ 
.n.er-«,e,..e inter-worVing. or prede.er.ineJ a^s nSronous 
orward and badc.ard handoffs. „u.d be syr^ronous.y n^^s^d .n 
^^ s^eune can-routing backbone and become an integr'a; p^o 'e 
satellrte switching function. ® 

were ut^.zed to aocon,rr,oaate the s«ua,.on where a metropolitan area lefl 
a. the m^ersecon of four saiellhe cells, the available cellul^spTam^ 
couW be divKfed into eleven sets that could be used dyn^r^7, 
synchn^nously and non-interferingly by frequency-ag^rn^^'e,, 
aboard the satellites or on the ground; either theTen-Lnal o^e I^ellHe 
^equency footphnf would have to change synchronously ^th LTh 
satsime s passage overhead to avoid interference. In other wor^ 1. 
synchronous frequency reuse would need to be employed Xuoh 
less preferred, this would provide no worse than 7/' rt r ^ 
no. considering near-ground antenna ve^u , ^L.V fr^;^. 
2.eMor..ord.p.t frequency sets or saTe.;^^^^^^^^^ 
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For ease of understanding, the discussion has assumed Freau«n^ 
Dn.«.on Wuftiple Access FDMA channelization but "^e o'^-o^ 

DivisioT^. uhfnTT "P^"^*^ or Code 

Dmsion k..ult.ple Access CDMA would be equally feasible. 

iTssT^ZTnT"'' ' -d 
"etwori^. It composes: maintaining subscriber-received 
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pow,r levels o» .orresm^. n.u^n. ,ransn,:s*on. abou, one omer of 
maoortude above co<hannel s;«emte ,ransm«.ons to ovorcome 
.me^.,ence ano ma.nu.n.ng s.bscnber .ransn^s^ons ,o ,e„estru. 
ne^.ort« a, power ,ev.s about one oroer o, magn.,u^e o. ..e t>e.ow co- 
channe. rans.,«K>ns ,o «.c,^e „etv«,^ :o avcd caus.n^ .nterto.ence 
at the sa,all.,e. Such power level maintenance is provkied by ihe 
networic in cumrm;nication with such subscnber. Moreover anon- 
o^rn, rorour>de<r, satellite cooperates as a switching nc;,e of both the 
satellne networK and a terrestrial network ,o relay intormat-on between a 
IIZT. subscnber and the satellite rad.o.elephone networ^rv^ a 
^rrestnal nerworK. The terrestnal nerwor. and the satellite neh«,n, n,a. 
^tZeT' ' -tor-satellMe spearun, or the terresrnaMo- 

VVh'le the preferred embodiment of the inven„on has been des«,bed anc 
Shown, n will be appreciated by ihose sKillad .n th^ «ew ..^ 
vanafons arK, mod,fk:at.ons of th.s invent-on may .np,emen:ed 
Those and all other variations and adaptafons are expeaed to fall w„h.r 
the amb.t of the appended claims. 
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NETWORKED SATELLrTE AND TERRESTRIAL CELLULAR 
RADIOTELEPHOHE SYSTEMS 



CLAIM'? 

5 What I dai.-n and (Jesiro !o secure by Lerers Patent is: 

1. A method of networtdng sate...te ar»d terrestrial networks corrpr.s.r^: 

conirolhr^ terrestrial network 1-ansmiss.ons witr. respect to 
saiellrte transmissions zo overcome interference 

and contron.ng subscnber trar^s missions to terrestrial networks 
with respect to transmissions to saiellitG networks to 
avoid causing intartererca al the satellite. 
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2. 



A method as da.med .n Ca-nr, i. where.n such control comprises 
mamtamins diflerential pc*er leves related to the difterentia, pa- 
Icss between isrrastrial and satec.-;e neiworits 



A method as daimed in Claim r -wherein sue.-, control composes 
ma^ntainrng differential power levefe about one order of magni-ud^ 
ol the differential path less between terrestraJ satellite ' 
networks. 



25 



A method as daimed in Claim , . therein scch control compnses 
non-nterfenng^ partitioning of t.*-^ available spearum betweer 
ten^estrial networks and satellite retworks. 



5. 



6. 



7. 



8. 
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11. 



12. 



A mbthod as daimed in Claim 1 wh«roj« tK 
tn,e-synchror^m wHh satellite moven,en, ''^'^ 
A methcxj as claimed in Claim 1 lunhar ^rr^r. 



A method as cJa/rned in r(a.r« - 
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A r,«:nco as a^rr^ .„ era..- ^.e,,.„ 

compnses one or rrcre from r^fl J. -CD ct -a-««,v . 

*- T» V --VLJ 0( •taiwoocS census- m 

eaestn.: w^e.ess .-...oo^: .e^esunai cMar .".^ 

^re..« .„.t..«.n, ^^^^^ .n.^.J" 

A method o. ner^rx^ng sate.Me an<j ,erre«„ai ne:.vcr>3 cc-r-r-^- 

sateane wansmissor^ :o overame any ;r.jertere-ce 
therebetween 

and maintaining so-bscroer uansrr.,s5.cns :c tGrres:.- a. 

networks a, s-gna. leveis sutf:oen„y oe;c^ co-c.--.a-.. 
transm.ss.cns :o sa:e;Ma r.etwcncs to avcc ca«-c" ' 
undo mte.-erence a: zne sjie;!.:e 
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15. 



A method of networking salelljie and terrestnal notworts comprising: 

maintaining subscriber-received power levels of lerrestrial 

network transmissior^ about one order a magnitude of 
the differential path toss above co-channel satellite 
transmissions to overeome any interference 
therebetween 

and maintaining subscriber transmissions to ten-estrial 

networks at power levels about one order a magnitude 
of the differential path loss below co channel 
transmissions to sateliHe networks to avoid causing 
undo interference at the satellite, wherein such power 
level maintenance Is provided by the network in 
communication with such subscriber. 



16. An apparatus for networking satelfrte and ten-estria- ner^irks 
comprising: 

means for maintaining subscriber-received power levels of 
terrestrial network transmissions about one order a 
magnitude of the differentia! path loss above co-channel 
satellite transmissions to overcome any interference 
therebetween, oporasvaly coupled wth 

means for maintaining subscriber transmissions to terrestrial 
networks at power levels about one order a magnitude 
of the differential path loss below co<rf»annel 
transmissions to satenite networks to avoid causing 
undo interference at the salellhe. wherein such power 
level maintenance is p.novided by the network in 
communication with such subscriber. 



i'rr/r,svi/oi42K 
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17. A method of networicing satellite and terrestriaJ networi^s 

comprismy: 

communicaung information with a subscriber over a terrestrial 
network 

and commurtcating such Information between the terrestrial 
netvrofk and an orbiting satelRte thai switches among a 
plurafty of communication paths, or visa versa 



18. A method of networking satellite and terrestrial networi« 

connprising: 

communicating infom^ation with a subscriber over a terrestrial 
network 

and communicating such infomiation between the terrestrial 
ntlwofk and an orbiting satellite cellular radiotelephone 
switching network, or visa versa. 



19. 



20. 



21. 



A method of networidng satellite and terrestrial networi« 
comprising relaying information between a terrestrial subscnber 
and a sate.Me radiotelephone networic via a tenestria. netwol 

A method as claimed in Claim 19. wherein relayinb comprises 
js^y-ng v.a a nca-orbiting satellite that ^ coopeLi'ng as a 
functional element of the satellite nerwork. 

A method as clamed in Claim 19. wherein relaying comprises 

^ r ^'^"'^^ communiLing w h tne 

^telhte network via its inter-satellite spectn^m. 
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22. 



23, 
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A method as claimed in Claim 19. wherein relaying comprises 
relaying via a non-orbiting satellite that is cooperating as a 
switching node of both the satellite network aiKl a terrestrial 
network. 

A method as claimed in Claim 22. wherein a non-orfaiUng salelUte 
IS handed ott among ortiling satellites in the sateinte nalwork. 
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24. A method as claimed in Claim 4, wherein spectral reuse 

partitioning is taken from the group consisting of: sateflite-relaled 
spectrum, reused terrestrially: inter-satellite spectrum, reused 
terrestrially: inter-satellite spectrum, reused between terrestrial 
network, nodes; satellite-to-ground spectn;m. reused terrestrially- 
satellile-to-ground spectrum, reused non-interteringly lerrestrially 
and satellite-to-ground spectnjm. reused in time-synchronism with- 
satellite movement. 



25. 

20 



An apparatus for networking satellite and terrestrial networks 
comprising: 

means for communicating information with a subscriber over a 
terrestrial netwck. operatively coupled with 

means for communicating such information berwsen the 
terrestrial network and an orbiting satellite cellular 
radiotelephone switching neftwork, or visa versa. 
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